Hyalochlorella marina is described as the type species of a new colourless genus of the chlorococcalean algae. It is a morphological and developmental counterpart of Chlorella and analogous to Prototheca, the known colourless counterpart. Hyalochlorella is distinguishable from Prototheca by its mode of autospore discharge, its possession of a large centric or eccentric vacuole, a Ruthenium Red positive wall and its lack of pectinaceous interstitial ground substance in the mature sporangium. Its developmental cycle is simple, involving a period of growth followed by cytokinesis. Nuclear division occurs concomitantly with growth; cytokinesis involves the segmentation of a multinucleate protoplast into uninucleate daughter protoplasts (preautospores) by simultaneous multiple fission. Daughter cell number, although variable, is usually an integral of 2" or 2n-2n-2. Numbers in the 2fl-2n-z series are believed to result from the degeneration of one nucleus in the tetranucleate stage followed by subsequent growth and division.
Hyalochlorella marina is described as the type species of a new colourless genus of the chlorococcalean algae. It is a morphological and developmental counterpart of Chlorella and analogous to Prototheca, the known colourless counterpart. Hyalochlorella is distinguishable from Prototheca by its mode of autospore discharge, its possession of a large centric or eccentric vacuole, a Ruthenium Red positive wall and its lack of pectinaceous interstitial ground substance in the mature sporangium. Its developmental cycle is simple, involving a period of growth followed by cytokinesis. Nuclear division occurs concomitantly with growth; cytokinesis involves the segmentation of a multinucleate protoplast into uninucleate daughter protoplasts (preautospores) by simultaneous multiple fission. Daughter cell number, although variable, is usually an integral of 2" or 2n-2n-2. Numbers in the 2fl-2n-z series are believed to result from the degeneration of one nucleus in the tetranucleate stage followed by subsequent growth and division.
I N T R O D U C T I O N
'The existence of morphological and developmental colourless counterparts of many unicellular algae has been known for some time (Pringsheim, 1963) . A number of achloric counterparts to Chlorella have been reported. These have been either isolated from nature as members of the genus Prototheca, or in the laboratory as spontaneous (Beijerinck, 1904) or induced mutants of various Chlorella strains (Granick, 1948; Butler, 1954) . Prototheca and Chlorella differ in their mode of nutrition, storage products and requirements for thiamine. Like Prototheca, the colourless mutants of Chlorella so far examined do not fix COz autotrophically and do not store starch but, unlike Prototheca, they do not require thiamine. In nature, Prototheca has been isolated from slime fluxes of trees (Kriiger, 1894; Phaff, Yoneyama & Do Carmo-Sousa, 1964) , the faeces and fingernails of man (Ashford, Ciferri & Dalmau, 1930) , potato skin (Negroni & Blaisten, 1941) , and waste stabilization ponds (Cooke, 1968a) . Chlorella is a common inhabitant of the soil as well as aquatic and marine environments where, with the exception of zoochlorellae symbionts, it is free-floating.
During the past six years, colourless coccoid forms frequently have been found in attempts to isolate marine fungi (Fuller & Poyton, 1964; Poyton, 1970) . These have been isolated from sea water and from the surface of littoral filamentous algae. Initially, some of these forms were considered to belong to the poorly characterized
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68-29~ Prototheca sp. strain 1~7 3 7 1 of the Hopkin's Marine Station. Received from Dr C . B. van Niel.
Three spontaneous colourless mutants of Chlorella sp. were also used in comparative studies with Hyalochlorella marina ; 69-7~, 69-8 A, 69-9 A derived from Chlorella sp. strain 820 of the Indiana University Algal Culture Collection. Isolation and maintenance of organisms. Strains of Hyalochlorella marina were isolated as described by Poyton (1970) . The method used is indicated in Table I . Clones of each isolate were established from daughter organisms (autospores) either by successive transfer of single colonies or by micromanipulation using a de Fronbrume micromanipulator. Stock cultures were maintained on moist gelatin hydrolysatedextrose-yeast extract (GDY) agar slants composed of ( % w/v) : gelatin hydrolysate (enzymic, Nutritional Biochemicals Co.) 0-I ; dextrose, 0-I ; yeast extract (Difco), 0.01 ; Noble agar (Difco), 1-2; sea water adjusted to a salinity of 33x0 with a Beckman RB3 Soh-Bridge. Slants were incubated at 20 to 22' and transferred every 5 to 6 weeks. Prototheca strains were cloned and incubated as described above. Stock cultures were maintained on slants of malt extract agar (Difco) and transferred every 6 to 8 weeks.
On receipt of Chlorella sp. strain 820 it was cloned as above and maintained under the same conditions as Hyalochlorella, except that it was incubated under continuous light of low intensity (4000 lux). Spontaneous colourless mutants were isolated by =74
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inoculating a GDY agar plate with a dense suspension of Chlorella sp. and incubating it in the dark. After I week, occasional large creamy white colonies were observed. These were streaked on GDY plates and incubated in continuous light (4000 lux) to insure that they were not reversible mutants. Each mutant was cloned and maintained under the same conditions as Hyalochlorella.
Growth conditions. Liquid cultures were incubated at 20" on a rotary shaker at 200 rev./min. in either 125 ml. Erlenmeyer flasks, with sidearms which fit a KlettSummerson colorimeter, containing 25 ml. medium or in 20 ml. screw-cap test tubes containing 5 to 10 ml. medium. Turbidity in the culture flasks was measured with a Klett-Summerson colorimeter using a blue (c. 420 nm.) filter. Standard curves relating dry weight to Klett units were established for representative strains and turbidity determinations were taken on or corrected to the linear portion of these curves.
Anaerobic incubations were done in a Torbal jar containing 94 "/o (v/v) H, and 6 % (v/v) CO,; residual oxygen was removed by including platinum-coated alumina pellets (Heller, 1954) . Two methylene blue indicators of anaerobiosis were used. One was made up as described by Meynell & Meynell (1965) and the other was an Anaerobic Indicator (Baltimore Biological Laboratory). Both were generally colourless within 6 h. after adding the gas mixture. The test medium was GDY with
Cell cycle analysis. The relationships between growth and nuclear and cell division were studied in two ways. In the first, the growth of single organisms was followed microscopically in a microperfusion chamber (Poyton & Branton, 1970) set up for either gas or liquid perfusion. For liquid perfusion, medium was aerated by sparging with sterile air just before being fed through the chamber at I ml./min. Organisms were kept stationary by the Cellophane-strip technique previously referred to by Poyton & Branton (1970). For gas perfusion, the top coverslip of the chamber was coated with a very thin layer of GDY agar as described by Skerman (1967) and inoculated. Humidified sterile air at 2 0 ' was passed through the chamber.
For the second approach, distributions of organism volumes were compared with distributions of the numbers of nuclei per organism. Volumes were determined with a Coulter Counter model B (Coulter Electronics, Inc., Hialeah, Florida) equipped with a IOO pm. aperture and a Size Distribution Plotter model J. Paper mulberry pollen was used for volume calibrations; all counts were corrected for background counts in the diluent. Nuclei were stained by the Feulgen method as follows. Samples from a culture growing exponentially in GDY medium were centrifuged at 2000g for 10 min. to give a pellet of 0.005 to 0.02 ml. The organisms were washed once with distilled water, fixed in Carnoy's acetic acid-alcohol for 10 min. (Bakerspigel, 1957) and then taken through the procedure of Tamiya, Morimura, Yokota & Kunieda (1961) or Bakerspigel (1957). The Schiff reagent was made according to Leuchtenberger (1958 (Skerman, 1967) . Agar-coated slides were stored on the surface of a GDY agar Petri plate at 4" until needed. They were inoculated at 20" from early exponential phase GDY liquid cultures and incubated 40 to 48 h. Sporangial bursts were scored microscopically either immediately after incubation or after storage at 4" for no more than 10 h.
Cytological observations. Cellulose in the wall was determined by the zinc-chloriodide method of Rawlins & Takahashi (1952) and the IKI-H,S04 method of Johansen (1940) . Pectic wall substances were detected by the Ruthenium Red method as described by Kessler & Soeder (1962) . Capsules and gelatinous matrices surrounding organisms were determined by negative staining in indian ink. Exponentially growing cells from a variety of media were tested.
The presence and localization of intracellular starch was determined by making wet mounts of both fixed and unfixed organisms in IKI. Hyalochlorella and spontaneous colourless mutants of Chlorella were fixed in Carnoy's acetic acid-alcohol ; Prototheca was fixed in 10 % (v/v) formalin. In all cases, fixed and unfixed organisms gave similar results. Intracellular lipid granules were stained with Sudan Black as described by Burdon (1946) . Organisms were taken from exponential and stationary phase cultures grown on GDY agar and GDY agar plus 2 % (wfv) glucose.
Vacuoles and refractile granules in exponentially growing cells were observed in wet mounts by phase contrast microscopy.
Photomicrography. All photomicrographs except P1. I, fig. 2 were taken on Adox KB14 35 mm. film through a Leitz Ortholux microscope equipped with apochromatic phase contrast objectives and a Heine condenser. For P1. I, fig. 2 , Ultropak achromatic objectives with ring condensers were used and dark-field reflected light illumination was provided by an Ultropak illuminator.
Production of extracelhlar enzymes. Extracellular enzymes were sought by replica plating (Lederberg & Lederberg, 1952) as described by Stanier, Palleroni & Doudoroff (1966) . A set of master plates were prepared on GDY medium rehydrated with tap water for Prototheca strains and with sea water for Hyalochlorella strains and colourless mutants of Chlorella. They were patched with 15 strains and incubated for I week. One master plate served to print 12 test plates.
Extracellular gelatinase production was determined as described by Skerman The stab was examined for liquefaction periodically over 2 weeks. Extracellular lipase was determined by the method of Sierra (1957) . After sterilization, the peptone medium was supplemented with I % (w/v) polyoxyethylene (20) sorbitan mono-oleate (Tween 80) and the pH was adjusted to 7-2. Observations were made over 8 days. The hydrolysis of agar was determined by growing organisms on the surface of GY agar. Evaporation from these plates was minimized by incubating them in plastic bags. Plates were observed over 20 days for agar softening around each patch of growth.
Growth in complex media. Growth and colony morphology were assessed on a variety of complex media rehydrated with distilled water or sea water. These Miscellaneous tests. Catalase production was determined by the evolution of O2 bubbles from cell smears flooded with 3 % (v/v) HzOz.
Clumping of newly discharged autospores was scored directly by microscopic observation and indirectly by scoring for cellular clumps in agitated GDY liquid medium and for a pellicle in unagitated GDY medium. Both tests were run on organisms incubated in 10 ml. medium in 20 ml. test tubes. In agitated medium, large clumps of organisms resulted from the aggregation of clumped autospores around air bubbles. The pellicle formed in unagitated medium resulted partly from this aggregation and partly from the surface tension properties of autospore clumps.
The pellicle generally represented 5 to 10 % of the total count. The remaining go to 95 % of the organisms formed a pellet. All cultures were scored after 4 to 6 days.
Wall strength was arbitrarily measured as susceptibility or resistance to sonication and freeze-thawing. Exponentially growing organisms were used in both tests. They were washed once with distilled water, centrifuged at 4" for 10 min. at 20008, resuspended in distilled water and treated for 10 min. at oo with a 10 kc. Ratheon sonic oscillator. For freeze-thawing, the organisms were washed once with distilled water, collected by centrifugation and rapidly frozen to -20'. After 24 h. they were rapidly thawed to 37". Wall breakage by both methods was assessed microscopically.
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RESULTS
Morphological observations and developmental cycle analysis
HyalochZorella marina individuals were colourless and produced creamy, yeast-like colonies on agar medium. On GDY agar the colonies were convex and generally smooth-margined (PI. I , fig. I ) under a dissecting microscope. However, in some strains, older colonies (12 to 20 days) developed 'watery' edges (Pl. I, fig. 3 ) which resulted from the degradation of peripherally located organisms. As the colony grew older, the 'watery' region proceeded toward the colony centre, and at the end of about 25 days the colony was devoid of spherical cells. Whether this degradation was due to lysis or to synctium formation is uncertain, but the presence of walls radiating out from the colony centre into the 'watery' region seems to rule out lysis. Attempts to subculture pieces of the 'watery' edge were unsuccessful. In all strains, colonies with irregular haloes (Pl. I , fig. 2 ) were observed, but with an incidence of less than 0.5 %. These haloes were formed by motile preautospores which migrated from the colony and subsequently became encased by a wall. This will be discussed in more detail below.
One of the difficulties in the taxonomy of simple chlorococcalean algae such as Chlorella and Prototheca is their paucity of distinguishing morphological characteristics. The two characteristics which have been used in previous considerations of Prototheca are size and shape (Pringsheim, 1963; Cooke, 1968b) . Often, in giving size, authors have failed to specify which developmental stage was measured. Since sporangial size is directly related to the number of autospores produced and since the developmental stages between the autospore and sporangium can be only temporarily distinguished, the only stage for which size determinations were felt valuable in this study was the newly discharged autospore. Measurements of 500 newly discharged autospores of each strain growing exponentially on GDY liquid and agar medium showed a range in diameter of 4 to 6.5 pm. and a mean diameter of 5-5 pm. Immature sporangium diameters varied from 7 to 25 pm.; the smaller sporangia produced 2 autospores and the larger sporangia up to 128 autospores. The cell shape is spherical and occasionally ovoidal.
The developmental cycle discussed below is based mostly on studies with strain 6 6 -6~, the type culture, and strains 6 6 - 5~, 6 6 -8~, 6 8 -3 0~ and 6 8 -3 1~ . Asexual reproduction took place by autospore formation. Following emergence of the uninucleate autospore, the developmental cycle (Pl. 2 & Fig. I ) involved the immediate formation of a centric or eccentric vacuole followed by an increase in size with a concomitant increase in the number of nuclei by nuclear division. The immature sporangium was spherical and multinucleate. Cytokinesis occurred by multiple fission during which the multinucleate protoplast of the immature sporangium was segmented simultaneously into uninucleate protoplasts. Segmentation begins by invagination of the peripheral protoplast and central vacuole membranes ; both light microscope and electron microscope studies (Burr, unpublished work) showed the sporangial wall was not in any way involved. The uninucleate daughter protoplast (preautospore), devoid of a wall, was capable of motility similar to that of limax amoebae (Pl. I , fig. 12 to 14) . As mentioned above, a small percentage of the colonies on each plate formed these motile preautospores. This percentage was greatly increased 178
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by incubating the plates at 4" for 24 h. or at low O2 tension (2.1 % v/v 0,). These forms could also be seen by squashing an immature sporangium. Next in the developmental cycle, the preautospores formed a wall and were liberated from the sporangium by irregular lateral rupture of the sporangial wall. Autospores were sequentially discharged and were completely free from one another. In stationary phase cultures, occasionally not all of the autospores emerged from the sporangium and sometimes none emerged, giving rise to a structure which appeared to be a sorus of sporangia. Throughout the entire developmental cycle the wall (Pl. I , fig. 10 ) was smooth and thin. It did not thicken with age, but did become more apparent in mature sporangia because spaces developed between it and the enclosed autospores. At no stage did a capsule or gelatinous matrix surround the organism. Nuclear division. Preliminary microscopic observations indicated a correlation between nuclear number and size of organism. Organisms of immature sporangial size were never seen with only one or two nuclei and organisms of autospore size did not contain more than one nucleus. This suggested that nuclear division occurred concomitantly with growth rather than after the growth period, just before cytokinesis. To test this, distributions of size of individuals and numbers of nuclei per individual were compared for exponentially growing organisms (see Methods). If nuclei divided in step with increasing volume, one would expect the distribution curves to be superimposable, whereas if nuclear division occurred just before Characterization of Hyalochlorella marina I79 cytokinesis, one would expect the curves to be non-superimposable with a high narrow peak in nuclear distribution at one nucleus. The distribution curves were roughly superimposable (Fig. 2) , indicating that nuclear division did indeed accompany growth. Due to the small size of nuclei in Hyalochlorella it was rather difficult to determine its mode of nuclear division. Phase contrast microscopy of living organisms as well as observations of Feulgen acetocarmine stained organisms indicated that nuclear division took place by mitosis within the nuclear membrane. Enlarged nuclei lacking nucleoli were often seen in living immature sporangia (Pl. 2, fig. IS) . Stained organisms of all developmental stages possessed oblong and elongated nuclear division figures which stained most densely at their ends. The dense staining was presumably due to chromosomal material.
The relation of nuclear division to growth and cytokinesis is summarized in Fig. I . All of the nuclei within a multinucleate organism divided simultaneously. This is based on observations that the nuclear number per cell was usually an integral of 2n and that when division figures were observed all of the nuclei in the cell possessed them.
Variation in spore number. Variation in the number of daughters produced per mother is a characteristic that most organisms which undergo asexual cytokinesis by simultaneous multiple fission have in common. Data for four representative strains of Hyalochlorella are given in Table 2 . To eliminate the possibility that organisms in a cluster arose from more than one sporangium, only those bursts were scored which showed one sporangial wall and in which all of the daughters were approximately the same size (Pl. I, fig. 4 to 9) . In exponentially growing cultures 180
the number of daughters was usually 2n where n is I to 7. Daughter numbers of 2% -2n-2 (n = 2 to 6) occurred with varying frequencies. This sequence was apparently initiated by the degeneration of one nucleus at the four nucleate stage (Fig. IB) and the division of the organism into three uninucleate protoplasts (PI. I , fig. 11 ). Subsequent growth and division occurred normally to give 2n -2n-2 daughters ( Fig. IB-H 
, B-I, B-J, B-K).
Another source of variation from the 2n number of daughters was incomplete cleavage of the sporangium. The clusters resulting from these sporangial bursts were easily recognized by the presence of daughters of variable size. While most of the daughters were of normal volume, some were twice this volume. Daughter numbers of 14, 26, 28 and 56 were often recorded. The frequency of incomplete cleavage in each strain varied but was usually less than 5 %. It was lowest in exponential phase cultures and increased in the stationary phase. In view of the wide variation in number of daughters and its dependence on culture conditions (Goldstein & Moriber, 1966; R. 0. Poyton, unpublished) , the number of autospores produced per sporangium has been ruled out as a means of distinguishing species within the genus Hyalochlorella.
Physiological and biological characteristics. Initial comparisons of Hyalochlorella and Prototheca indicated that the two genera had similar morphologies and identical developmental cycles but differed in the thickness of their walls, the presence of a large centric or eccentric vacuole in Hyalochlorella and the clumping of autospores during and after discharge in Prototheca. To seek more distinguishing characteristics, the tests in Table 3 were made on several strains of both genera. With the exception of slight extracellular amylase activity for strain 69-3 and variable growth on thioglycollate agar, there was no variation among the 11 strains of H. marina. Among the 17 strains of Prototheca there was a great deal of variation in colony morphology on thioglycollate agar and in the thickness of the pellicle formed on GDY medium. Otherwise, except for morphological differences and differences in size which have been previously noted (Tubaki & Soneda, 1959 ; Pringsheim, 1963; Cooke, 1968b) , there was little variation. The three colourless Chlorella strains studied showed no variation at all.
Characteristics of Hyalochlorella, Prototheca, Chlorella and colourless mutants of Chlorella are listed in Table 4 . These organisms have in common similar shapes and size, cytokinesis via multiple fission, and walls of high tensile strength. In each genus, the number of autospores produced per sporangium varies, usually being an integral of 2n. An infrequent developmental pathway gives 2n -2n-2 autospores per sporangium. As described above, this occurs in Hyalochlorella due to the degeneration of one nucleus of a tetranucleate cell (Fig. I, A-B-K) . A similar developmental sequence has been inferred from counts of the number of daughter cells of P. zopJii in which it occurs with a frequency of less than 5 % (R. 0. Poyton, unpublished work). Although this developmental pathway is not well documented in Chlorella, there are data listing autospore number per sporangium in which numbers in the series 2n-2n-2 do occur (Murakami, Morimura & Takamiya, 1963; Kuhl & Lorenzen, 1964) . Perhaps some of the tetrads of spores commonly figured for Chlorella (e.g. Resigl, 1964) are actually triads like that pictured in P1. I , fig. I I . The existence of motile preautospores in Hyalochlorella is at the moment considered a useful characteristic for differentiating it from Prototheca. Similar structures have also been reported for Chlorella (R6tovskg & KlriSterskB, 1961 Characterization of Hyalochlorella marina I 8 1 why Prototheca does not exhibit these forms is that the pectinaceous matrix in which autospores and preautospores lie inhibits cell movement. Another possible explanation is that the wall of Prototheca is more resistant to breakage than that of Hyalochlorella and thus prevents the emergence of preautospores. The sporangial wall of Prototheca is 0 -1 to 0.2 pm. thick (Lloyd & Turner, 1968) , about three times that of Hyalochlorella walls. Differences in wall composition may also be implicated.
The pectinaceous ground substance surrounding autospores in the mature was grown to mid-exponential phase on GDY medium supplemented with 0.6 yo gelatin hydrolysate. Size (--) was determined for organisms suspended in sea water of salinity 33x0. The total number of organisms measured was 15,180. Nuclear number/organism (@ ---@) was determined for a total of 300. Strains 66-5 B, 68-30~ and 68-31 A gave similar curves.
Hyalochlorella also differs from Prototheca in its lack of refractile granules (presumably carbohydrate), its possession of a large vacuole and an extracellular lipase, its inability to grow on YpSs agar, malt agar and GDY medium rehydrated with tap water, and its accumulation of fat as well as carbohydrate. Fats are collected as large droplets in both exponential and stationary phase cultures of Hyalochlorella ; polysaccharides are dispersed throughout the cytoplasm. The amount stored per organism increases greatly when the glucose in the growth medium is raised to 2 to 3 % (w/v). The exact nature of the polysaccharides is at the moment uncertain; the red-brown coloration given with IKI is quite different from the blue-black colour given by starch, which suggests that the polysaccharide products in Hyalochlorella, Prototheca and the colourless strains of Chlorella are of relatively short chain length.
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Requirements for a marine environment. All strains of Hyalochlorella so far isolated fit the criteria defining a marine bacterium (MacLeod, 1965) . Unlike the species of Prototheca listed above, HyalochZoreZla marina grew only on isolation plates rehydrated with sea water.
Time (h.) Fig. 3 . Kinetics of death of Hyalochlorella marina 6 6 -6~ in distilled water media. Organisms were incubated at zoo in distilled water (O-), GDY medium rehydrated with distilled water (0-0), sea water (U-U) and GDY medium rehydrated with sea water (0-0). Samples were taken at various time intervals and plated on GDY medium for viable count determinations. Similar curves were obtained for strains 66-8 A, 6 8 -3 0~ and 68-31 A.
The dry weight yield in GDY medium with 0.6 % (wlv) gelatin hydrolysate increased linearly from o with sea water salinities between o to 2 3 x 0 , was constant in the range 23 to 4 0 %~ and decreased in salinities exceeding 40%~. Swelling and death occurred in media of low osmotic pressure. Populations incubated in distilled water at 20° usually exhibited a diphasic death curve (Fig. 3) . For strain 6 6 -6~ the first phase lasted for 80 to go h. and practically no loss of viability occurred. In the second phase the death rate was 0-12 h.-l. The death rate was two to three times less for organisms in GDY medium. Control cultures incubated in sea water or GDY medium rehydrated with sea water increased in viable count to a value which remained constant. No evidence for cell-wall thickening as a means of resistance to high or low osmotic pressure has ever been obtained. The taxonomic position of Hyalochlorella is subject to the same consideration as its analogue Prototheca. Generally, Prototheca has been considered to be a nonpigmented counterpart of Chlorella (West, 1916; Fritsch, 1948) . However, some authors have favoured a taxonomic position closer to the fungi (Kruger, 1894; Saccardo & Traverso, 1911; Tubaki & Soneda, 1959) . Lloyd & Turner (1968) concluded from its wall composition that it probably is not an achloric counterpart of Chlorella. Attempts to relate Prototheca to the fungi have relied almost entirely on the morphology of the mature sporangium, which resembles the asci of many ascomycetes and the spherules of some fungi of uncertain affinities. In these attempts, development and sporogenesis have been largely ignored.
In ascomycetes, ascospore formation is preceded by conjugation and takes place by free cell formation. Spore initials are formed within the ascal cytoplasm and out of contact with the mother cell plasmalemma (Madelin, 1966) . The formation of sporangia in Prototheca and Hyalochlorella is not preceded by conjugation and the mother cell plasmalemma plays an active role during spore delimitation, eventually becoming part of the daughter cell plasmalemma. In view of these developmental differences it is unlikely that Prototheca and Hyalochlorella are close relatives of the ascomycetes.
One fungus which has a mode of spore formation similar to that of Hyalochlorella is Coccidioides, a dermatophyte of uncertain affinities. The endospore and spherule of Coccidioides are analogous to the autospore and mature sporangium of Hyalochlorella. Although sporogenesis in both genera occurs by multiple fission (Tarbet, Wright & Newcomer, I 952), Coccidioides differs from Hyalochlorella in the active role which the sgorangial wall plays in sporogenesis (O'Hern & Henry, 1956; Breslau, Hensley & Erickson, 1961) , the uneven thickening of the newly discharged endospore wall (Moore, 1965) , and the production of a mycelial culture phase (Baker, Mrak & Smith, 1943) . Moreover, during endospore formation in Coccidioides the mother cell wall is contiguous with the daughter wall and on spore discharge no sporangial wall is left behind. In Hyalochlorella the mother cell wall is not contiguous with the daughter cell wall and is left behind intact on spore discharge. These differences seem sufficient to rule out any taxonomic relatedness of these two genera.
A preliminary study of strains 68-30~ and 6 8 -~I A lead Goldstein & Moriber (1966) to characterize them tentatively as marine fungi of the poorly defined genus Dermocystidium. This has aroused interest in the relationship between these strains and the other members of the genus, for they would represent the only members of the genus whose complete development has been studied in pure axenic culture. Goldstein & Moriber's (1966) assignation of these strains to the genus Dermocystidium was based on their general morphology and possession of a refringent vacuolar inclusion (vacuoplast), considered to be an important feature of the genus Dermocystidium (Perez, 1907 ; Mackin, 1962) . The paucity of morphological features makes it extremely difficult to distinguish these strains from some other micro-organisms, Therefore a heavy reliance must be placed on developmental and physiological characteristics. Perkins (I 969) has shown that vegetative cleavage in Dermocystidium marinurn, the best characterized member of the genus, yields endospores with unevenly when present, it occurs in less than 0-01 % of the developing sporangia and can therefore hardly be considered typical. I have also been unable to confirm their inference that growth is accompanied by the periodic liberation of individuals from their walls by ecdysis. During the complete development of single individuals (PI. 2), the only stage during which a wall is shed is at autospore liberation.
The infrequent appearance of a vacuoplast, the possession of a mode of vegetative cleavage different from that found in Derrnocystidium marinum, and the morphological and developmental similarities to Prototheca lead me to believe that these strains should not be placed in the genus Derrnocystidium and to erect the new algal genus Hy aloch lor ella.
On the basis of morphology and development, Hyalochlorella is a colourless counterpart of the alga Chlorella and analogous to Prototheca. In addition to its mode of sporogenesis, features it has in common with Chlorella are motile preautospores, variable numbers of autospores, and walls of high tensile strength. Hyalochlorella differs from Prototheca in discharging autospores sequentially and separately rather than as a clump, in lacking a pectinaceous ground substances in the mature sporangium, in possessing a large vacuole in all developmental stages except for the autospore and mature sporangium, and in the wall reaction with Ruthenium Red. All Hyalochlorella marina strains give a pectin positive reaction of variable intensity, whereas all strains of Prototheca give a negative reaction. Some Chlorella species give a positive Ruthenium Red reaction of varying intensity and some a negative reaction (Kessler & Soeder, I 962) . Possibly, Prototheca is more closely related to the Ruthenium Red negative strains and Hyalochlorella to the Ruthenium Red positive strains.
Hyachlorella marina gen. et sp.nov.
Cellulae sine colore, in agaro nutriente colonias cremias fermentoideasque, marginibus plerumque levibus, efficientes. Cellulae vegetativae iuvenes (autosporea) uninucleatae, membranam tenuem habentes, sphericae ad ovoideas, 4 ad 6.5 pm. diam. Reproductio asexualis per formationem autosporarum effecta. Crescentia formationem vacuolae eccentricae magnae implicat, deinde cellula crescit, simul nucleus se dividit. Sporangium immaturum sphericum, 7 ad 25 pm. diam., multinucleatum. Cytokinesis per fissionem multiplicem ad 2, 4, 8, 16, 32, 64, 128 vel 3, 6, 12, 24, 48 autosporas uninucleatas in omni sporangio formandas effecta. Autosporae ruptura laterali membranae sporangii liberatae. Protoplasti mobiles emergentes interdum observati. Omnes autosporae in culturis in periodo crescentiae immobili interdum e sporangio non emergunt ; aliquando nullae autosporae emergunt, ut sorum sporangiorum efficiatur. Membrana cellulae levis tenuisque, senescens non spissescens. Matrix gelatinosa membranam circumdans nulla. Cellulae in cultura liquida non se cohaerentes. Reproductio sexualis non observata. Fig. I . Normal young colony on GDY agar. x 100. Fig. 2 . Colony with irregular halo on GDY agar. x 50. Fig. 3 . Edge of an old colony on GDY agar. Spherical peripheral cells have degenerated to give a 'watery' edge. x 175. Fig. 4 to 9 . Sporangial bursts of Hyalochlovella marina 6 6 -6~. Note sporangial wall (S). x 500. Fig. 10 . Sporangial wall. x 1400. 
